Background: The aim of this study was to assess the effectiveness of HBV vaccination and factors
INTRODUCTION
Hepatitis B vaccines are safe and highly effective in preventing hepatitis B infection and its consequences such as cirrhosis or hepatocellular carcinoma. Children who become infected with hepatitis B virus are more likely than adults to develop chronic infections. 90% of infants who are infected from their mothers at birth, and 30-50% of those infected before age five, become chronic HBV carriers. 1 The primary vaccine series induces protective antibody levels in more than 95% of infants, children and young adults (1) . However, approximately 4% to 10% of healthy individuals do not develop an adequate immune response against the hepatitis B vaccine after the primary vaccination series (2, 3) .
A multifactorial mechanism plays a role in hepatitis B vaccine unresponsiveness, with a cumulative effect of different environmental and genetic factors such as age, weight, gender, smoking and haplotype of HLA. In this study, we investigated the factors that influence hepatitis B vaccine responsiveness and unresponsiveness in healthy children.
SUBJECTS AND METHODS
A total of 141 healthy children aged between 2-5 years who were followed up at Well Child of concomitant vaccines and exposure to smoke were determined.
Children were followed by testing anti-HBs and anti-HBc titers one month after the last dose of vaccinations, one month after the booster dose given to cases who did not respond to primary vaccination. Infants born to HBsAg-positive mother were tested for HBsAg, antiHBs and anti-HBc titers after completion of vaccination series at age 9 through 18 months.
Seroconversion was considered if anti-HBs levels were above ≥10 mIU/ml. Based on the anti-HBs titers, subjects were identified as non-responders (< 10 mIU/ml) and hyporesponders (10 to 100 mIU/ml). Mid-upper arm circumference was obtained by the same physician from the left arm, at the mid-point between the acromion and olecranon, with the elbow flexed at an angle of 90º, using a non-extendable measuring tape, with a width of 1.0 cm and subdivisions of 0.1 cm. A total of three consecutive measurements were taken for each child, and the mean value was considered for analysis.
Informed consents were obtained from all of the parents before procedures and the study was approved by the Hospital Institutional Review Board.
Statistical Analysis
Statistical analyses were performed using SPSS (version 11, 2000; Chicago, IL, USA) No difference was observed between vaccine responsiveness and age, sex, birth weight, maturity, duration of breastfeeding, exposure to HBsAg-positive family members and mid-upper arm circumference (P>0.05) ( Table 1 ). The antibody titers were significantly higher in children who breastfed for the first 6 months and longer than the children who breastfed for a shorter length (P=0.005). The rate of unresponsiveness to vaccination was higher in children who exposed to secondhand smoke (P=0.049) ( Table 1) .
Although no correlation was observed between unresponsiveness and administration of concomitant vaccines (Table 2) , the antibody titers were found to be higher in children who were vaccinated concomitantly with other common vaccines (87.897 ± 57.686 vs 217.837 ± 40.252, P=0.001). No significant correlation was seen between antibody titers and age, sex, birth weight, maturity, exposure to HBsAg-positive family members and HBsAg-positivity of mothers (Table 3) . A significant correlation was obtained between anti-HBsAg titers and midupper arm circumference (P=0.005).
HBsAg positivity rate was found to be 2.8% among mothers. All of their infants received hepatitis B immunoglobulin (HBIG) in addition to hepatitis B vaccine soon after birth. All of them achieved seroprotection after vaccination.
Those 17 children received a booster dose and none of them achieved seroprotective antibody titers. The overall seroprotection rate was 87.9 % in children after the whole hepatitis B vaccination series.
DISCUSSION
The age at the time of HBV acquisition is the major determinant of chronicity. Up to 90% of There was no gender difference between hepatitis B vaccine responders and nonresponders in our study as similarly reported in study conducted by Karaoglu et al. (13) .
It has been reported that birth weight and prematurity was not associated with the development of a protective immune response (14-16). We found no correlation between response rate, anti-HBs titers and birth weight, prematurity.
Rey et al. (17) found that nutritional status was significantly correlated with the response to hepatitis B vaccination (P < 0.001),with 85% of children with normal nutrition status were protected versus 60% in moderate to severe malnutrition. el-Gamal Y et al. (18) reported that seroconvertion rate was lower in children with protein calorie malnutrition than healthy children (87% vs 100%, respectively). In contrast with these reports, Karimi et al. (19) and Karaoglu et al. (13) reported that severity of malnutrition does not affect vaccine-induced antibody level and seroprotection rate. No correlation was found between response rate and mid-upper arm circumference, but anti-HBsAg titers were significantly lower in children who had lower mid-upper arm circumference.
Breastfeeding also improves vaccine responses. Several studies showed that milk may actively stimulate the immune system of the offspring via transfer of anti-idiotypic antibodies and lymphocytes (20-22). We observed that the antibody titers were significantly higher in children who breastfed for the first 6 months and longer than the children who breastfed for a shorter length.
The negative effect of smoking on immunological response to hepatitis B vaccine has been reported (23). We found that the rate of unresponsiveness to vaccination was higher in children who exposed to secondhand smoke.
It has been reported that hepatitis B vaccine given simultaneously with other common vaccines elicits a strong anti-HBs response and does not interfere with the immune response to the other antigens (24,25). In our study, although no correlation was observed between unresponsiveness and administration of concomitant vaccines, the antibody titers were found to be higher in children who were vaccinated concomitantly with other common vaccines.
In conclusion, the seroprotective anti-HBs antibody titers are correlated with breastfeeding and vaccination concomitantly with other common vaccines. Exposure to smoke seems to negatively influence the response to hepatitis B vaccine. Early identification of potential nonresponders is important for optimally reduce the risk of acquiring chronic infection during childhood. It is possible to obtain seroconversion by using vaccination strategies in order to improve the responsiveness to HBV vaccine in nonresponders. Thus, it is advisable to check the anti-HbsAg concentration in nonresponder children and administer boosters to those with lack of seroprotection against HBV. 
